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Abstract

Introduction. Vpr is a multifunctional auxiliary HIV-1 protein. Oligomerisation is a prerequisite for the entry of Vpr
into the virion and its subsequent participation in the early stages of HIV-infection. To date, natural amino acid
substitutions in Vpr associated with disease progression were identified; the possibility of creating therapeutics
based on Vpr is being considered.

The aim of the study is to investigate Vpr features in the most common genetic variants of HIV-1 circulating in the
Moscow region in 2019-2020.

Materials and methods. HIV-1 samples obtained from 231 patients of the AIDS Prevention and Control Center
in the period 2019-2020 were studied according to the scheme: proviral DNA extraction, amplification of the vpr
gene, sequencing, and data analysis. Consensus Vpr sequences of the most common genetic variants in Russia
and their spatial structures, variability of Vpr variants of HIV-1 sub-subtype A6 in patients with different stages of
the disease were studied.

Results. Features of Vpr protein in different genetic variants of HIV-1 could influence the formation of their
oligomeric forms. No sites with statistically significant differences in the frequency of amino acid substitutions were
identified in patients with different stages of disease.

Conclusion. Vpr protein of HIV-1 genetic variants circulating in Russia may have differences in functional
properties. Vpr-A6 variants had low variability in patients with different stages of the disease, and therefore Vpr-A6
can be considered as a target for the development of therapeutic agents.
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Pestome

BBeneHue. Vpr aBnseTca MHOroyHKLMOHaNbHbIM BCnomoratenbHbiM 6enkom BUY-1, koTophkin nposiBnseT cBoto
aKTUMBHOCTb Ha pasHbIX aTanax XM3HEeHHOro uukna supyca. Onuromepusauns 6enka asnsetca HeobXoauMbIM yc-
rnosvem Ans NPOHWKHOBEHMSA Vpr B BUPMOH U MOCNEAYIOLWEro ero y4actus Ha paHHux atanax BUY-uHdekumm.
K HacTosiLemy BpemeHu onpegeneHbl eCTECTBEHHbIE aMUHOKUCIIOTHbIE 3aMeHbl B Vpr, accouumpoBaHHble € Npo-
rpeccupoBaHvem 3aboneBaHus; paccMaTpyBaeTCs BO3MOXHOCTb CO3[jaHNsA CPeacTB Tepanun Ha ocHose Vpr.
Llenb uccnenoBaHus — ndyydeHne ocobeHHocTel Vpr y Hanbonee pacnpoCcTpaHeHHbIX rEHETUYECKUX BapnaHTOB
BWY-1, umpkynuposasLumnx Ha Tepputopun Mockosckor obnactu B 2019-2020 rr.

Matepuansbl u metoabl. Vccnegosanu o6pasubl BUY-1, nonyyeHHble ot 231 nauuenta N'BY3 MO «LleHTp npo-
dpunaktnkm n 6opbbbl co CMNO» B nepuog 2019-2020 rr. ¢ pa3HbiMK CTaauMamMu 3aboneBaHusl, No CXeme: 3KC-
Tpakuma nposupycHon [HK, amnnudurkaums reHa vpr, ceKBeHnpoBaHue, aHanuma nofyyveHHblX gaHHbIX. 3yyanu
KOHCeHCYCHble nocrnegoBaTensHocTN Vpr Hambornee pacnpocTpaHeHHbIX B Poccun reHeTu4Yecknx BapnaHToB 1 UX
NPOCTPaHCTBEHHbIE CTPYKTYpbl, BapuabenbHocTb Vpr BapnaHtoB BUY-1 cy6-cy6Tna A6 (Vpr-A6) y naumeHToB ¢
pasHbIMK CTagnsMmn 3abonesBaHuns.

Pesynkratbl. Ocob6eHHOCTH Vpr pasnuyHbIX reHeTu4Yecknx BapnaHtos BUY-1, umpkynupyrowmx B Poccun, moryT
BMUSATb Ha (hopMMpPOBaHMe ero ofnMroMepHbix opM. He GbINo BbISBNEHO HUM OQHOrO canWTa CO CTaTUCTUYECKU
3HaYMMbIMUK PA3NMYMAMU B YaCTOTE BCTPEYAEMOCTU aMUHOKUCITOTHBIX 3aMeH Y NauMEeHTOB C pa3HbIMU CTaausiMu
3abonesaHus.

3akntouyeHue. benku Vpr reHeTuyeckux sapmaHTos BUY-1, umpkynupytowmnx B Poccun, MoryT uMeTb pasnuuus B
PyHKLMOHanbHbIX cBONCTBax. BapuaHTbl Vpr-A6 nmenu HU3Kyto BapnabenbHOCTb y NauMeHTOB C pasHbIMy CTaaun-
siMu 3aboneBaHusi, B CBA3M € YeM Vpr-AB MOXET paccMaTpyBaTbCA Kak OObEeKT Ansi co3naHusi CpeacTs Tepanuu.

KnioueBble cnoBa: BUY-1; Vpr; cy6-cybmun A6; cybmun B; CRF63_02A6

Ona uutnpoBaHus: KysHeuoBa A.U., AHToHoBa A.A., MakeeBa E.A., Kum K.B., MyHuak A.M., MexeHckasn E.H.,
OpnoBa-Mopososa E.A., MponnH A.KO., Mpununos A.l., Mansutckas O.B. BcrnomoratenbHbii 6enok Vpr Bupy-
ca nmmyHogedmumTa yenoeeka 1-ro Tuna (Retroviridae: Orthoretrovirinae: Lentivirus: Human immunodeficiency
virus-1): 0COGEHHOCTN reHEeTUYECKUX BapuaHTOB BMpYCa, LUMPKYNMPOBaBLUMX Ha Tepputopumn MockoBckon obna-
ctn B 2019-2020 rr.. Bornpocsi supycomnoauu. 2025; 70(4): 324—339. DOI: https://doi.org/10.36233/0507-4088-296
EDN: https://elibrary.ru/mfgcsm

d)MHaHCVIpOBaHMe. I/lccne}:losaHme BbIMNOJSIHEHO NpK CbVIHaHCOBOVI noagepxke Poccuiickoro Hay4HOro d’)OH,EI,a, rpaHT
Ne 23-15-00027, https://rscf.ru/project/23-15-00027/ (gaTta 3akntoveHus cornawexus 15.05.2023).

BnarogapHocTu. ABTOpbI BbipaXatoT 6narogapHocTb KaHg. 6uon. Hayk, Hay4HOMY COTPYAHUKY nabopaTtopuv BUPYCOB
nenko3oB Anekceto Bnagummposudy Jlebeaesy 3a noMolupb B rpaduyeckort Bu3yanvsaunm pesynsraTos.

KoHdnuKT nHTepecoB. ABTOPLI 3asBNSAT 06 OTCYTCTBUM KOH(MNMKTa UHTEPECOB.

ATunyeckoe yTBepxaeHue. ViccnenosaHue npoBoauoch Npu 4o6poBonbHOM MHGOPMUPOBAHHOM COrflacum
naumeHToB. MNMpoTokon nccnegoBaHmsa ogobpeH KomutetoM no 6uomeauumHckon atnke OreyY «HALIOM nm. H.O.
Famanen» MuHagpasa Poccun npotokon Ne 16 ot 08.02.2019.

Introduction idues (aa), with a mass of approximately 14 kDa [1]. In

The Vpr auxiliary protein of human immunodeficiency  its structure, the Vpr protein contains three o-helices,
virus type 1 (Retroviridae: Orthoretrovirinae: Lentivirus: ~ which are formed by segments of the protein chain from
Human immunodeficiency virus-1; HIV-1) is a highly  residue 17 to 33, from residue 38-50, and from resi-
conserved viral protein consisting of 96 amino acid res-  due 55 to 77 (Fig. 1). The a-helices are left-handed and
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oriented with respect to each other in such a way as to
ensure interactions between the following amino acid res-
idues: L20, L23, L26, A30, V31 of the first a-helix, W38,
L39, L42, 146 of the second a-helix, and V57, L60, 161,
L64, L68, F72 of the third a-helix. The aforementioned
orientation is further stabilized by interactions between
T19, L20, W54 on one side and H33, F34, H71, F72 on
the other. The structure of the Vpr protein is character-
ized by flexible N- and C-terminal regions: from resi-
dues 1 to 13 and from residues 78 to 96, respectively [2].
The Vpr protein gene is expressed at late stages of the
HIV-1 life cycle and binds to the viral Pr55% precursor
protein, which plays an important role in the assembly and
production of viral particles. Oligomerization of Vpr is
crucial for the recognition of Pr55¢%, after which Pr55%%-
Vpr complexes accumulate in the plasma membrane for
subsequent efficient incorporation into virions [3-5].
Thus, during viral infection of the host cell, the Vpr
protein penetrates it as part of the virion, allowing it to
actively participate in the early stages of viral replication.
The Vpr protein has multiple functions (Fig. 2):
increases the efficiency and accuracy of reverse
transcription [6, 7];

* is part of the pre-integration complex (viral DNA,
integrase, Vpr protein, etc.), which facilitates the
delivery of viral DNA from the cytoplasm to the
nucleus for subsequent integration into the host cell
genome [6, 7];

* enhances the transcription of proviral DNA [6-8];

* induces ubiquitin/proteasome-dependent degradation
of certain cellular proteins, halting the cell cycle in
the G2 phase, which contributes to creating a cellular
environment optimal for the expression of HIV-1
genes [7, 8];

* induces a response to DNA damage, which is also
thought to potentially lead to cell cycle arrest and
increased production of inflammatory cytokines
[6, 71;

* violates mitochondrial function, which triggers a
series of processes that can also lead to apoptosis [9];

In macrophages, Vpr counteracts a specific cellular

protein, LAMPTS, which transports the viral protein Env
to the lysosome [6, 10].

Vpr is released by producing cells and penetrates the
surrounding B lymphocytes. In B-lymphocytes, the Vpr
protein affects antibody diversification and has the ability
to reduce immunoglobulin class switching [11]. A detail
of particular interest is the role of Vpr in enhancing viral
infection in non-dividing myeloid cells, macrophages,
and dendritic cells, which allow for the formation and
maintenance of a viral reservoir, effectively transmitting
HIV-1to CD4* T cells during antigen presentation [6, 12].

The Vpr protein is considered one of the factors
contributing to the development of HIV-associated
neurocognitive disorders (HAND) in patients: Vpr can
penetrate nerve tissue cells, acts as a neurotoxin that
induces apoptosis, activates viral replication in latently
infected cells; in neurons, it disrupts the regulation of
levels of certain microRNAs and their corresponding
genes, which can also cause neuronal dysfunction.
Moreover, the vpr gene continues to be expressed even
with successful antiretroviral therapy (ART) [13—15].

For many years, the issue of the correlation between
amino acid substitutions in the Vpr protein and
changes in its functional properties has been studied
[16, 17]. Natural amino acid substitutions in the Vpr
protein of HIV-1 associated with the degree of HAND
development in people living with HIV (PLWH) who
are on antiretroviral therapy have been identified
[18]. Comparison of the genetic diversity of the Vpr
protein variants of HIV-1 in patients with rapid disease
progression and in patients with long-term absence
of disease progression in the absence of ART showed
that amino acid substitutions in the Vpr protein may
contribute to changes in viral replication kinetics and
lead to the observed differences in disease progression
[19]. When comparing the C-terminal region of the Vpr
protein in HIV-1 subtype B and C variants, subtype-
specific amino acid substitutions were identified that
may affect the functional properties of the protein [20].

Almost immediately after the discovery of the Vpr
protein, the possibilities of creating agents that inhibit
HIV-1 replication by counteracting this protein began to
be considered: there are a large number of known attempts
to create antiretroviral agents based on both natural and
synthetic components [17, 21]. Moreover, the Vpr protein

[32 Vpr T-Helper/CD4+ Epitope region (major) 84]
1 13 171920 23 26 30 313334 3830 42 46 50 54 55 57 60 6164 68 7172 7778 %
NlM E !DTL L L AVH!F !WL L | Y! W!TV LILILHF R}H SIC
[o Vpr CTL/CD8+ Epitope region (major) 8d

Fig. 1. Schematic representation of Vpr primary structure.
M — methionine; E — glutamic acid; D — aspartic acid; T — threonine; L — leucine; A — alanine; V — valine; H — histidine; F — phenylalanine; I — isoleucine;
Y — tyrosine; W — tryptophan; R — arginine; S — serine; Vpr T-Helper/CD4* Epitope region (major) — Vpr region in which predominantly the epitopes have been
mapped that are recognized by the immune system for subsequent development of CD4* T cell response; Vpr CTL/CD8* Epitope region (major) — Vpr region in
which predominantly the epitopes have been mapped that are recognized by the immune system for subsequent development of CD8* cytotoxic T cell response
(https://www.hiv.lanl.gov/content/immunology/maps/ctl/Vpr.html).

Puc. 1. Cxemarnueckoe n300paxeHue EPBUYHON CTPYKTYpHI Oeika Vpr.

M — metunonus; E — rmyramuHoBas kucnora; D — acnmaparunoBas kuciora; T — Tpeonunn; L — neiinun; A — ananus; V — Banus; H — ructunun; F — Gennnananuy;
I — m3oneiinun; Y — tupo3un; W — tpunrodan; R — aprunun; S — cepun; Vpr T-Helper/CD4* Epitope region (major) — o61acts 6enka Vpr, B KOTOPOH IIpenMy-
LIECTBEHHO OBLIN KapTUPOBAHBI ATUTOIBI, PACIIO3HAIOIINECS] HMMYHHOMH cHcTeMOit s mocnenytomtero pa3sutus CD4*-T-knerounoro oreera (https:/www.
hiv.lanl.gov/content/immunology/maps/helper/Vpr.html); Vpr CTL/CDS8* Epitope region (major) — obnacts 6enxa Vpr, B KOTOPOH NPEHMYIIECTBEHHO OBLII
KapTUPOBAHBI IHUTOIBI, PACIIO3HAIOIINECS] IMMYHHON CHCTEMOH utst mocnenyrouiero passutis CD8*-riurotokenueckoro T-kinerounoro orera (https:/www.
hiv.lanl.gov/content/immunology/maps/ctl/Vpr.html).
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Fig. 2. Activities of Vpr protein.

RT — reverse transcription; Vpr — Vpr protein; Env — Env protein; PIC — pre-integration complex.

Puc. 2. AxktuBHOCTH Oenka Vpr.

OT — obparnast Tpanckpunist; Vpr — 6enox Vpr; Env — 6enok Env; PIC — npenuHTerpalilioHHBIH KOMILIEKC.

contains epitopes recognized by T cells (https:/www.hiv.
lanl.gov/content/immunology/maps/helper/Vpr.html,
,https://www.hiv.lanl.gov/content/immunology/maps/ctl/
Vpr.html), and is considered as an antigen candidate for
the development of an anti-HIV vaccine [22].

The most widely spread genetic variant of HIV-1 in
Russia for many years remains sub-subtype A6, while in
the countries of Europe, Asia, and America, other variants
of the virus circulate [23, 24]. Over time, the coexistence
and interaction of HIV-1 sub-subtype A6 with less com-
mon genetic variants of the virus in Russia (subtype B,
circulating recombinant form CRF02_AG, etc.) have led
to the formation and spread of other recombinants. Recent
studies demonstrate a gradual increase over time in the
proportion of recombinant forms in the genetic structure
of HIV-1 circulating in the Russian Federation, particu-
larly due to CRF63 02A6 [25]. Furthermore, during the
period of 2022-2023, two new forms were identified in
Russia: CRF133_A6B and CRF157_A6C [26, 27]. Thus,
despite the gradual change in the composition of circulat-
ing HIV-1 variants in Russia, the molecular epidemiolog-
ical profile of HIV infection still retains its uniqueness.

The aim of this study is to investigate the characteris-
tics of the Vpr protein in genetic variants of HIV-1 circu-
lating in the Moscow region in 2019-2020.

Materials and methods

During the study, clinical samples of whole blood from
ART-naive (previously untreated) patients with HIV in-
fection from the State Budgetary Healthcare Institution
of the Moscow Region «Center for the Prevention and
Control of AIDS» (231 samples) were analyzed. During

the period from 2019 to 2020, a single blood sample
was taken from each patient as part of the CARE project
(https://www.careresearch.eu/, accessed on 01.11.2024).
All clinical material was collected and used in this study
with the informed consent of the patients and based on
the approval of the Biomedical Ethics Committee of the
N.F. Gamaleya National Research Center for Epidemiol-
ogy and Microbiology of the Ministry of Health of Russia
(protocol No. 16 dated 02.08.2019). At the same time, the
following information about the patients was recorded
and subsequently analyzed: gender, age, risk factor for in-
fection, date of clinical sample collection, disease stage,
viral load (VL) values, and the patient’s immune status
(number of CD4" cells). Table 1 presents the main char-
acteristics of the patients included in the study, depending
on the stage of HIV infection, according to the clinical
guidelines of the Ministry of Health of Russial.

The extraction of proviral DNA from genomic DNA
was performed using the precipitation method [28]. The
products of the genome region encoding the vpr gene
were obtained using a nested two-round polymerase
chain reaction (PCR): external primers — Viflf (GCAG-
GTAAGAGAGCAAGCTGAACA) and Viflr (GTCTC-
CGCTTCTTCCTGCCATAGGA), internal primers —
Vif2f (GCTaCTCTGGAAAGGTGAAGG) and Vif2r
(TACAAGGAGTCTTGGGCTGAC). The obtained PCR
products were purified using a commercial PCR frag-

Ministry of Health of the Russian Federation. Clinical
recommendations. HIV infection in adults; 2024. Available at:
https://cr.minzdrav.gov.ru/schema/79 2 (in Russian)
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Table 1. Main characteristics of people living with HIV (PLWH) included in the study, classified by stage of HIV infection
Ta6muna 1. OCHOBHBIC XapaKTEPHUCTUKU BKIIIOYEHHBIX B nccienosanue JDKB, knaccupuuumposansbix o craaun BUY-napexmu

Characteristics

Stage 2/stage of initial symptoms

Stage 3/subclinical stage

Stage 4/stage of secondary symptoms

2-51 cTaaus/CTagus HadaJIbHBIX 3-s1 cragus/ 4-s cTaaus/cTaans BTOPUYHBIX
XapaKkTepuCTHKH o o
HPOSIBICHHUIH CyOKIIMHIYECKas CTanus HPOSIBICHUH
Total number of patients, abs. 48 82 101
Bcero nanuenTtos, adc.
Demographics | [lemorpaduueckue nokaszarenu
Males, abs. 30 45 71
My»kuuHbl, abc.
Females, abs. 18 37 30
JKenmunel, adc.
Age, median age, range 38 38 39
Bospacrt, menuana sert, Auana3ox [19; 62] [21;70] [24; 64]
Infection route, abs. | [Tyt undunuposanus, adc.
Hetero 24 59 62
Tetepo
IDU 6 11 36
I1MH
MSM 17 9 3
MCM
Unknown 1 3 0
Heussectno
Laboratory parameters | JlJabopaTopHble oka3aresin
Clones/uL 599.50 474.10 229.72
CD4, xn/mMKi (108-2022) (110-1658) (8-1062)
Viral load log10 RNA, copies/mL 5.0 4.6 5.1
Bupycuas narpyska lg PHK, komwii/min (3.4-7.0) (3.3-6.2) (3.1-6.4)

Note. IDU - Injecting drug users; MSM — Men having sex with other men.

Mpumeuanne. [TMH — norpeburenu HHBbEKIIMOHHBIX HAPKOTUKOB; MCM — My>4HHBI, TPAKTUKYIOIINE CEKC C MYXYHMHAMHU.

ment purification kit — Clean S-Cap (Evrogen, Russia),
and then sequenced by the Sanger dideoxy method us-
ing the commercial BigDye Terminator v. 3.1 Cycle Se-
quencing Kit (Applied Biosystems, USA) and the primers
Vif2p and Vif2o. The assembly and editing of nucleotide
sequences of the vpr gene based on the obtained electro-
pherograms were performed using the SeqMan II 6.1 ap-
plication (DNASTAR Inc., USA).

Preliminary determination of genetic variants of the ob-
tained nucleotide sequences of the vpr gene of HIV-1 was
carried out using three specialized programs: COMET
HIV-1 (https://comet.lih.lu/) [29], REGA HIV-1 Subtyp-
ing Tool (Version 3.46) (https://www.genomedetective.
com/app/typingtool/hiv), and jpHMM [30]. Then, to re-
fine the results of the preliminary subtyping, a phylo-
genetic analysis using the maximum likelihood method
was conducted with the IQ-TREE program [31]. Refer-
ence sequences for the analysis were downloaded from
the international Los Alamos Laboratory database, USA
(https://www.hiv.lanl, accessed on 31.10.2024). Pairwise
and multiple alignments of the studied and reference
sequences were performed using the ClustalW module
integrated into the AliView software package [32]. The
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nucleotide substitution model was selected using the
jModelTest v. 2.1.7 program based on the Akaike infor-
mation criterion (AIC) [33]. The reliability of the inferred
phylogenies was assessed using the bootstrap test and the
Shimodaira-Hasegawa approximate likelihood ratio test
(SH-aLRT) with 1000 bootstrap iterations. Clusters sup-
ported by SH-aLRT > 0.9 were considered reliably estab-
lished. The visualization and graphical processing of the
results of the phylogenetic analysis were carried out in
the iTOL program (https://itol.embl.de) [34].

At the next stage of the study, consensus sequences of
the Vpr protein for the most common genetic variants of
HIV-1 were formed and analyzed based on the study re-
sults. For this purpose, the obtained nucleotide sequences
of the vpr gene were grouped according to their genet-
ic variants. Then the nucleotide sequences of the HIV-
1 vpr gene were translated into amino acids using an
online translation tool available at the website (https://
www.bioinformatics.org/sms2/translate.html). Also, for
each analyzed HIV-1 genetic variant, based on the ob-
tained amino acid sequences, common consensus amino
acid sequences were formed using the Simple Consensus
Maker tool (https://www.hiv.lanl.gov/content/sequence/
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CONSENSUS/SimpCon.html) and compared with each
other and with respect to Vpr_model (the Vpr protein
sequence of subtype B, analyzed during the determina-
tion of its spatial structure [2]) using the MEGA v. 10.2.2
program. When forming the consensus sequence, inser-
tions were not taken into account; the frequency at which
an amino acid (as well as a stop codon or deletion) was
considered in the consensus at each position had to be
greater than 50%. Using the IsUnstruct program, the lo-
cation of unstructured regions in the consensus sequences
and in Vpr_model [35] was predicted. Using the Alpha-
Fold 2 program (AlphaFold Protein Structure Database),
the spatial structure of the consensus sequences and Vpr
model [36] was predicted.

In the Chimera program, the predicted hexameric struc-
tures of the analyzed sequences were overlaid with each
other and with Vpr_model to determine the most similar
structures (https://www.rbvi.ucsf.edu/chimera/).

At the final stage of the study, the variability of the
Vpr-A6 protein (the Vpr protein of HIV-1 sub-subtype
A6 variants) was examined in patients with different
stages of the disease. For this purpose, the obtained ami-
no acid sequences of Vpr-A6 were grouped according to
the stage of HIV infection of the patient from whom the
sample was obtained. The previously obtained consensus
sequence Vpr-A6 was used as a reference, and amino acid
substitutions in each patient group were determined rel-
ative to it using the MEGA v. 10.2.2 program (www.me-
gasoftware.net). Using the Nonparametric Statistics mod-
ule from the Statistica 8.0 package (StatSoft Inc., USA),
sites with statistically significant differences in frequency
among patients with different stages of the disease were
identified (p < 0.0012 using the x? test with Bonferroni
correction).

Results

During pairwise and multiple alignments and quality
assessment, 5 out of 231 sequences were excluded
from further analysis due to low quality or sequence
length (the number of degenerate bases or gaps
exceeding 1% of the total sequence length). In the further
analysis, 226 nucleotide sequences encoding the vpr gene
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Fig. 3. Genome map with the studied vpr region in samples
1311001072 (@) u 1311001115 (b).

Puc. 3. Kapra resoma ¢ uccienyemoit 061acTbio VPry oopasunon
1311001072 (@) u 1311001115 (6).
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of HIV-1 were included. All the nucleotide sequences of
the vpr gene of HIV-1 (226) obtained during this study
were deposited in the international genotype database
GenBank under the following accession numbers:
PV059601-PV059826.

Based on the results of preliminary subtyping, it was
determined thattwo samples (0.88%, 2/226), obtained from
patients in the 2nd (1311101072) and 3rd (1311001115)
stages of the disease, belonged to unique recombinant
forms (URFs) of HIV-1, formed by fragments of HIV-1
genetic variants B and G. The genomic structures of the
identified URFs_B/G are presented in Fig. 3.

These sequences were excluded from further phyloge-
netic analysis.

According to the results of the phylogenetic analy-
sis, 4 (1.77%) sequences formed a reliable cluster (SH-aL-
RT > 0.9) with HIV-1 subtype G sequences, 16 (7.08%)
sequences formed a reliable cluster (SH-aLRT > 0.9) with
HIV-1 subtype B sequences, and 11 (4.87%) sequences
were included in a cluster formed by the nucleotide se-
quences of circulating recombinant forms CRF02 AG
and CRF63_02A6 (Fig. 4).

Since the genetic variants CRF02_AG and CRF63 02A6
in the studied region of the HIV-1 genome (vpr) exhibit
maximum similarity, it was decided to identify them based
on the combined results of phylogenetic analysis and the
COMET HIV-1 program — 10 sequences were classified
as CRF63 02A6. Based on the results of the phylogenetic
analysis (due to its position on the phylogenetic tree —
intermediate from the others) combined with the results of
the jpHMM program (for identifying recombinant forms of
the virus), it was decided that sequence 1311001105 (marked
with a red star in the figure) may be a potential unique
recombinant form (URF_CRF02/CRF63). Its genome
structure is presented in Fig. 5.

The sequence 1311000563, based on the combined re-
sults of phylogenetic analysis and analysis in the COMET
HIV-1 program, was classified as URF _A6/B. The remain-
ing 192 (84.96%) sequences formed a reliable cluster with
the nucleotide sequences of HIV-1 sub-subtype A6.

Consensus sequences of the Vpr protein were formed
for HIV-1 sub-subtype A6 variants, subtype B, and the
recombinant form CRF63 02A6 identified during the
study. The consensus amino acid sequence of Vpr-A6
was formed based on 192 studied sequences, subtype B
— 16, and CRF63 _02A6 — 10, respectively. These genetic
variants are also the most common in the territory of the
Russian Federation [24].

Insertions (amino acid insertions), deletions (amino
acid deletions) and stop codons were identified in the
studied amino acid sequences of Vpr-A6. Insertions and
deletions were observed in the amino acid sequences
obtained from patients with all stages of the disecase
(Table 2), whereas stop codons were found in 6 patients
with stages 3 and 4 of the disease.

All the formed consensus sequences contained 96 amino
acid residues (Fig. 6).

The primary structure of the consensus sequences of
sub-subtype A6, subtype B, and CRF63 02A6 differed from
Vpr_model at positions 17, 11, and 15, respectively (Fig. 6).
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Fig. 4. Phylogenetic analysis of nucleotide sequences of the HIV-1 vpr gene (n = 254, nucleotide substitution model — TIM1 + I+ G4).
Nucleotide sequences classified as potential unique recombinants are marked with a red asterisk.

Puc. 4. dunoreneTHueCKUii aHATIN3 HYKJICOTHIHBIX TTOCIEA0BaTeNbHOCTEH rera vpr BUU-1
(n =254, mozenb 3amernenus HykiaeotunoB — TIM1 + 1+ G4).

PedepeHcHbIe MOCIE0BATEIBHOCTH BBIACICHBI KPACHBIM 1IBETOM, HCCIIEAyeMble — YepHbIM. KpacHoii 3Be304K0i OTMEUCHBI HYKIICOTHAHBIC ITOCIEI0BATEIBHO-
CTH, OTHECEHHBIC K ITOTCHIUATEHBIM YHUKAIFHEIM PEKOMOMHAHTAM.

—5705+-1
—5850

| \@E[@| MD|

Fig. 5. Genome map for the studied vpr region in sample 1311001105.
The dotted line indicates the region formed by the HIV-1 fragment of recombinant forms CRF02_AG and CRF63_02A6.
Puc. 5. Kapra resoma c uccnenyemoii obiactsio VPry oopasua 1311001105.

IlyHkTpoM oT™MeueHa obnacte, oOpa3zoBanHas pparmenToM BIY-1 pexomOunanthsix popm CRF02_AG u CRF63_02A6.

Subsequently, for the comparison of spatial structures
during the analysis of the consensus sequence of subtype
B, we analyzed a sequence variant containing Q at
position 77 and | at position 84. For the analysis of the
consensus sequence of CRF63 02A6, we analyzed a
sequence variant containing R at position 58.

Fig. 7 presents the predicted profiles for unstructured
regions for Vpr model, consensus sequences of sub-
subtype A6, subtype B, and CRF63 02A6.

Fig. 8 presents the results of predicting the spatial
structure of monomeric, dimeric, tetrameric and
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hexameric structures of the analyzed Vpr protein
sequences.

The results of the spatial alignment (matching) of
the predicted hexameric structures are presented in
Fig. 9.

When assessing the variability of Vpr-A6 in patients
with different stages of HIV infection, 14 substitutions
were identified that had statistically significant differences
(p<0.05) in their frequency of occurrence (Table 3).

Taking into account the Bonferroni correction
(p < 0.0012), no site was found to have statistically sig-
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Table 2. Identified insertions and deletions in the studied amino acid sequences Vpr-A6

Ta6auua 2. BeissBneHHbIE HHCEPLUH U AETEIHUU B HCCIETyeMbIX aMUHOKHCIOTHBIX OCIEI0BATENFHOCTAX Vpr-A6

Insertions | Uucepuun Deletions | Jeneruu
Infection stage
Cranus 3a601€BaHus sequence name position sequence name position
HAaMMCHOBAHHE IIOCIICAOBATCIIBHOCTH TIOJIOKCHHUE HaMMCHOBAHUE IIOCIICAOBATCIBHOCTH TIOJIOKCHHUE
1311000412 ins84Vv85 1311000645 85
Stage 2 _ 1311000738 85, 86
-1 CTajud 1311000512 ins84185
1311000948 85
1311000121 85, 86
1311000660 ins84185
1311000278 84
1311000601 84
Stage 3 1311000997 ins84185 1311000613 85, 86
3-s crazus 1311000617 85, 86
1311000780 85, 86
1311001126 ins84185 1311001119 85
1311001125 85, 86
1311000382 87, 88
1311000599 85, 86
1311000766 85
1311000767 85
3 2ge 4 1311000884 ins84P85 1311000919 85
-1 CTaIus
1311001068 85, 89
1311001088 85, 86
1311001089 85
1311001093 85

consensus_A6
consensus_B
consensus_CRF63

consensus_A6
consensus_B
consensus_CRF63

Fig. 6. Consensus sequences of Vpr HIV-1 sub-subtype A6, B and CRF63_02A6 genetic variants aligned with the Vpr_model (sequence of
the Vpr protein analyzed in determining the spatial structure [2]).

The dots indicate amino acid residues (aa) positions in which the aa in the consensus were the same as in the reference. Non-polar amino acids: G (glycine),
A (alanine), V (valine), L (leucine), I (isoleucine), P (proline) — are marked in blue; Polar uncharged amino acids: S (serine), T (threonine), C (cysteine), M (methionine),
N (asparagine), Q (glutamine) — green; aromatic amino acids: F (phenylalanine), Tyrosine (Y), W (tryptophan), Histidine (H) — yellow; Polar acidic, negatively charged,
amino acids: aspartic acid (D) and glutamic acid (E) — orange; Polar basic, positively charged amino acids: lysine (K), arginine (R) —in red [37, 38].
Puc. 6. Korcencycusie nocnenosarensaoctd Vpr BUU-1 cy6-cyorumna A6, cydotrna B u pexombunantHO# opmel CRF63 02A6, BeipaBHEH-
HBIE OTHOCHUTENBHO Vpr_model (mocnenoBarenbHOCTh Oenka Vpr, aHaTH3UPyeMOro MPU ONpeeTIeHIH IPOCTPAHCTBEHHON CTPYKTYPHI [2]).

Toukamu 0603HaYEHBI TO3UIMY AMUHOKUCIOTHBIX OCTAaTKOB (a.0.), B KOTOPBIX a.0. B KOHCEHCYCaX COOTBETCTBOBAIH pedpepeHCy. AMUHOKHCIOTHI KIIaCCHBHIH-
POBaHbI Ha OCHOBE MOJIPHOCTHU pajukanoB. Hemonspubie amuHokucnorsl: G (uuuH), A (anauuH), V (Banus), L (eiiuun), I (n3oneiiuun), P (nponun) ormeue-
HBI CHHHM IIBE€TOM; IIOJIIPHBIE He3apshkeHHbIe aMUHOKUCIOTHE: S (cepun), T (Tpeonun), C (uucreun), M (metnorun), N (acnaparut), Q (INIyTaMuH) — 3€JI€HEIM;
apomarnueckue aMuHOKHCIOTHL: F (pernnananun), Tuposut (Y), W (tpunrtodan), ructuans (H) — xKenTbiM; OTPHIATENBHO 3apsHKCHHbIE aMUHOKUCIIOTHI: acma-
paruHoBas kucnora (D) u rmyramunoBas kuciora (E) — opamkeBEIM; TTOT0XKUTENIBHO 3apsDKCHHbIe aMUHOKUCTIOTHL: Jii3uH (K), aprunun (R) — xpacHsM [37, 38].
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Fig. 7. The comparison of the tertiary structure of the consensus sequences of sub-subtype A6, subtype B and CRF63 02A6 and Vpr_model,
predicted by the IsUnstruct program.

a — Vpr_model: unfolded regions from 1 to 15 and from 86 to 96 aa; b — sub-subtype A6 consensus: unfolded regions from 1 to 15 and from 84 to 96 aa; ¢ —
subtype B consensus: unfolded regions from 1 to 16 and from 86 to 96 aa; d — CRF63_02A6 consensus: unfolded regions from 1 to 15 and from 86 to 96 aa.

Puc. 7. CpaBHeHue npoduiieil HeCTPYKTYpHUPOBAaHHBIX YYACTKOB JUISl KOHCEHCYCHBIX ITOCIIe0BaTeNbHOCTEH cy0-cyoTuma A6, cyoTumna B
n CRF63 02A6 u Vpr_model, npenckasanusie nporpammoit IsUnstruct.

a — Vpr_model: pa3BepryTsie yyacTku ¢ 1-15 u ¢ 86-96 a.0.; 6 — koHceHcyc cyO-cyOTHna A6: pa3BepHyThie yuacTku ¢ 1-15 u ¢ 84-96 a.0.; 6 — KOHCEHCYC
cyoTuna B: pasBepHyThie ydacTku ¢ 1-16 u ¢ 86-96 a.0.; 2 — koncencyc CRF63_02A6: pa3BepHyThie yuactku ¢ 1-15 u ¢ 86-96 a.o.

nificant differences in prevalence among patients with
different stages of the disease.

Discussion

Currently, the genetic diversity of HIV-1 continues
to grow worldwide, which is one of the obstacles to
developing effective prevention and treatment methods
for HIV infection [39]. Moreover, research results suggest
that different genetic variants of HIV-1 can determine
various clinical manifestations and the rate of disease
progression, as well as influence treatment efficacy [40].
Regular studies are conducted to investigate the extent of
the influence of individual viral proteins on the course of
HIV infection [14, 41-43]. Amino acid substitutions in
viral proteins that may influence the progression of HIV
infection are also studied, with particular attention given
to subtype-specific amino acid substitutions [18, 44, 45].
In previously conducted studies on the genetic diversity
of the Vpr protein of the most widely spread subtype A6
in Russia, its low level of variability was noted, and in
this regard, the Vpr protein was identified as a promising
target for the development of therapeutic agents [46].
Also, for the Vpr protein of subtype A6, variants of the
virus circulating in different regions of Russia have not
previously been noted to have characteristic features [47].
The present study aims to investigate the characteristics of
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the Vpr protein of the most widely spread genetic variants
of HIV-1 in Russia, using the example of virus variants
circulating in the Moscow region in 2019-2020, and to
compare the genetic variability of the Vpr-A6 protein in
patients with different stages of the disease.

According to the results of the study, it was found that
the majority (84.96%) of the vpr nucleotide sequences
belonged to HIV-1 sub-subtype A6, the second most
common was subtype B (7.08%), followed by the
recombinant form CRF63 02A6 (4.87%), which
is consistent with the results of the study of HIV-1
genetic diversity in the Russian Federation [24]. Two
sequences were identified as unique B/G recombinant
forms, which also aligns with previously reported
data on the identification of unique B/G recombinant
forms in Russia [48]. One sequence of the vpr gene
was identified as a unique A6/B recombinant form,
which is supported by data on the formation of various
recombinant forms between HIV-1 subtype A6 and
subtype B in Russia [49].

Sixoutof 192 (3.13%) Vpr-A6 sequences obtained from
patients at different stages of HIV infection contained
an insertion between the 84th and 85th positions of the
amino acid residues. Twenty out of 192 (10.42%) Vpr-A6
sequences obtained from patients at different stages
of the disease contained deletions at positions 84-89,
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ala Vpr_model CRF63_02A6

Tiax

o/b

8/c
Fig. 8. Monomeric, dimeric and oligomeric forms of Vpr protein in
Vpr_model, sub-subtype A6, subtype B and CRF63_02A6 variants
predicted by the AlphaFold 2 program.
e/d a — monomeric forms of Vpr protein; b — dimeric forms of Vpr protein; ¢ — te-

trameric forms of Vpr protein; d — hexameric forms of Vpr protein.
Puc. 8. MoHOMEpHBIE, TMMEPHBIE U OJTUTOMEPHBIE GOPMBI Oenka Vpr
BapuaHToB Vpr_model, cy6-cyoTrna A6, cybtuna B, pexomOrHaHTHON
tdhopmer CRF63_02A6, npenckazannsie mporpammoii AlphaFold 2.

a — MOHOMepHEIe (opMsI Oenka Vpr; 6 — nuMepHbIe hopMbl Oenka Vpr; ¢ — Te-
TpamepHas opma Genka Vpr; ¢ — rekcamepHas popma Genka Vpr.

All 576 Ca pairs: 34.008 A All 576 Ca pairs: 35.349 A All 576 Ca pairs: 16.934 A
Hexamer A6 and Hexamer Vpr_model Hexamer B and Hexamer Vpr_model Hexamer CRF63_02A6 and Hexamer Vpr_model
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All 576 Ca pairs: 34.980 A All 576 Ca pairs: 34.359 A All 576 Ca pairs: 37.750 A
Hexamer A6 and Hexamer B Hexamer A6 and Hexamer CRF63_02A6 Hexamer B and Hexamer CRF63_02A6

Fig. 9. Alignment of Vpr hexameric structures.

Hexamer A6 and Hexamer Vpr_model — hexamer of A6 consensus sequence and hexamer Vpr_model; Hexamer B and Hexamer Vpr_model — hexamer of

subtype B consensus sequence and hexamer Vpr_model; Hexamer CRF63_02A6 and Hexamer Vpr_model — hexamer of CRF63_02A6 consensus sequence

and hexamer Vpr_model; Hexamer A6 and Hexamer B — hexamer of A6 consensus sequence and hexamer of subtype B consensus sequence; Hexamer A6 and

Hexamer CRF63_02A6 — hexamer of A6 consensus sequence and hexamer of CRF63_02A6 consensus sequence; Hexamer B and Hexamer CRF63_02A6 —

hexamer of subtype B consensus sequence and hexamer of CRF63_02A6 consensus sequence; The root mean square deviation between Co atoms for different
pairs of hexamers is shown in the figure, which varies from 16.9 A to 37.8 A.

Puc. 9. CoBMerieHne reKCaMepHBIX CTPYKTYp Vpr.

Hexamer A6 and Hexamer Vpr_model — rekcamep KOHCEHCYCHOM IIOCIeI0BaTENbHOCTH Oelka cy0-cyoTuna A6 u rexcamep Vpr model; Hexamer B and Hex-

amer Vpr_model — rekcamep KOHCEHCYCHOIT IocienoBareabHOCTH Oernka cyoruna B u rekcamep Vpr_model; Hexamer CRF63_02A6 and Hexamer Vpr_model

— reKkcaMep KOHCEHCYCHOII IociIe1oBaTenbHOCTH pexoMOuHaHTHOH (opmbl CRF63 02A6 u rexcamep Vpr_model; Hexamer A6 and Hexamer B — rexcamep

KOHCEHCYCHOI1 IOCIIeJOBaTeIbHOCTH Cy0-cyOTnmna A6 n rekcamMep KOHCEHCYCHOH mocienoBarensHocT cyoTuna B; Hexamer A6 and Hexamer CRF63 _02A6

— rekcaMmep KOHCEHCYCHOM IMOCIIeI0BaTeIbHOCTH Cy0-cyOTHna A6 u rekcamep KoHCeHCycHol mocienoBarensHocTH CRF63 02A6; Hexamer B and Hexamer

CRF63_02A6 — rekcamep KOHCEHCYCHOI TOCiIe10BaTenbHOCTH cyOTHIIa B 1 rekcamep koHceHcycHoit mocnenoBarensHoctd CRF63_02A6; CpenHekBagparuy-
HOE OTKITOHeHHe MexkTy C-aToMaMH JUIS pa3HBIX Map TeKCaMepoB TOKA3aHo Ha PHCYHKe, KOTopoe n3Mensetcst oT 16,9 A o 37,8 A.
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Table 3. Vpr-A6 amino acid substitutions with statistically significant differences in frequency of occurrence in groups of PLWH with different

stages of the disease

Tab6auna 3. AMHHOKUCIOTHBIE 3aMeHBI Vpr-A6 cO CTaTHCTUYECKH 3HAYMMBIMU PA3IMUUsIMU 110 YacToTe BcTpedaemocTty B rpymnmnax JOKB ¢ pazasivMu

cTaausaMu 3a00JIeBaHuUs

Position Mutation Stage 2 Stage 3 Stage 4

Tosmums Myratms Craans 2 Cramms 3 Crams 4 P.s Py Pas
13 E13A 2 0 0 0.0465 0.0190 -
15 Y15H 6 23 - - 0.0444
15 Y15F 1 5 1 - - 0.0353
19 M19V 3 0 2 0.0143 - -
20 L201 0 3 0 - - 0.0390
45 H45Q 6 6 3 - 0.0054 -
55 ES5V 2 0 0 0.0465 0.0190 -
61 161T 6 2 8 0.0107 - -
72 Fr2yY 2 0 0 0.0465 0.0190 -
77 Q77H 5 4 4 - 0.0451 -
85 Q85H 1 0 7 - - 0.0219
87 R87S 5 3 3 - 0.0194 -
93 S93T 0 3 0 - - 0.0390
94 S94N 1 3 0 - - 0.0390

Note. The p-values are presented for items with p < 0.05; items with p > 0.05 are marked with ‘-’. Differences with p-value with Bonferroni correction

(p <0.0012) were considered as statistically significant.

ITpumeuanne. 3HayeHus p-value npeacrasieHs! uisd no3uiwi ¢ P < 0,05; nmo3uruu ¢ p > 0,05 oTMeueHb! 3HAKOM «—». JJOCTOBEPHO 3HAUMMBIMH CUH-

Tanu pa3nunuus ¢ pP-value ¢ nonpaskoii boudepponu (p < 0,0012).

with 50% of these sequences containing two deletions
simultaneously. The most frequent deletions were found
at positions 85 (85%, 17/20) and 86 (40%, 8/20) (Table 2).
Earlier, the presence of deletions at positions 85,86and89in
the Vpr protein of sub-subtype A6 variants was noted
[46]. Premature stop codons were identified in 6 patients
with stage 3 and 4 disease. There are known studies on
the patterns and frequency of stop codons in regions of
proviral DNA encoding protease, reverse transcriptase,
and integrase [50, 51]. However, similar studies on the
prevalence of stop codons in proviral DNA encoding
the Vpr protein have not yet been conducted. Overall,
there is currently a hypothesis that defective proviruses
may possess biological activity: the transcripts and
corresponding proteins formed on their basis may
participate in stimulating the immune response,
subsequent chronic activation of the immune system,
and pose a serious obstacle to the development of HIV
eradication strategies [52].

The consensus sequences of the analyzed HIV-1 vari-
ants at several positions, presumably involved in the
formation of the protein’s spatial structure, contained
substitutions relative to the reference sequence — Vpr
model: substitution D17E — sub-subtype A6, subtype B,
CRF63 02A6; T19M — sub-subtype A6, T55E — sub-sub-
type A6, CRF63 02A6; T55A — subtype B; L60I —
sub-subtype A6, subtype B, CRF63 02A6 and R77Q —
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sub-subtype A6, subtype B, CRF63 02A6. At the same
time, the substitutions T55E, T55A and R77Q led to
changes in the chemical properties of the amino acid res-
idue at the specified position.

Prediction of the spatial structures of consensus se-
quences and the reference sequence Vpr model deter-
mined that in the analyzed sequences, the structured re-
gions of the protein predominantly fell within the region
from residue 16 to 85, which coincided with the region
where epitopes were mapped in the Vpr protein (Fig. 1, 7).

The prediction of oligomeric structures of the Vpr
protein consensus sequences and Vpr model demon-
strated differences among tetrameric and hexameric
forms. When spatially aligning the hexameric forms,
it was determined that the highest root mean square
deviation (RMSD) between Co atoms was 37.8 A for
the pair of hexamers of subtype B consensus sequence
and CRF63 02A6 consensus sequence, while the low-
est was 16.9 A for the pair of hexamers of recombinant
CRF63_02A6 consensus sequence and Vpr_model hex-
amer (Fig. 9). RMSD is a quantitative measure of sim-
ilarity between two protein structures, and the lowest
RMSD value between oligomeric forms indicates their
structural similarity.

Thus, the existing features of the Vpr protein in
various HIV-1 variants may influence the formation of
oligomeric forms of the protein. Considering the high
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significance of the oligomerization process, which affects
the incorporation of the Vpr protein into virions and,
consequently, determines the potential involvement of the
Vpr protein in the early stages of viral replication, it can
be asserted that the existing features may influence the
functional properties of the Vpr protein [4].

In a previously conducted study on the dynamics of
vpr gene variability in patients infected with HIV-1
subtype C, a gradual increase in vpr genetic diversity in
the virus population of the patient was observed during
the first year of disease progression [53]. However, a
comparison of the Vpr protein among virus variants
isolated from patients at different stages of the disease
in China did not reveal significant differences in amino
acids in functionally important regions [54]. In this study,
no amino acid substitutions were found in the Vpr-A6
protein that had statistically significant differences in
frequency among patients at different stages of the
disease, which confirms previous conclusions about the
low variability of the Vpr-A6 protein and its potential for
use in developing HIV infection therapies [46, 47].

The limitations of the conducted study include a
relatively small sample size, including non-A6 variants,
as well as the study of virus variants circulating within a
single region — the Moscow region.

Conclusion

For the first time, a comparison of the characteristics of
Vpr proteins of the most widely distributed HIV-1 genetic
variants in the Russian Federation (A6, B, CRF63) has
been conducted. It has been established that the present
features can influence the formation of oligomeric
forms of the protein. Considering the importance of the
oligomerization process of the Vpr protein, it can be
assumed that the existing differences may lead to varying
functional activities of the Vpr protein among HIV-1
variants. At the same time, the comparison of genetic
diversity of Vpr-A6 in patients at different stages of HIV
infection did not reveal statistically significant amino acid
substitutions, which confirms data on the low variability
of the Vpr protein within HIV-1 sub-subtype A6 variants
and the possibility of its application in the development
of HIV infection therapy.
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